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EMPLOYMENT OF ROTAVIRUS PROTEINS, DERIVED PROTEINS AND 
PEPTIDES FOR THE MODULATION OF TISSUE PERMEABILITY. 

TECHNICAL FIELD 

5 The present invention relates generally to methods for regulating tight 

junction sealing, and more particularly to the use of proteins and peptides that 
inhibit cell adhesion and the formation of tissue permeability barriers. 

BACKGROUND OF THE INVENTION 

10 The Tight Junction (TJ) 

In multicellular organisms fluids with different molecular compositions 
(urine, milk, gastric juice, blood etc.) are contained in compartments delineated by 
epithelia (e.g. renal tubules) and endothelia (blood vessels). These cellular sheets 
constitute the frontier between the organism internal milieu and the compartments' 

15 contents. Therefore in order for components of the blood to enter a given tissue, 
they must first traverse from the lumen of the blood vessel through the endothelial 
cells of that vessel. In case of substances that enter the body via the gut, they 
must first pass the barrier formed by the epithelial cells that line the cavity, and to 
enter the blood via the skin, both epithelial and endothelial sheets must be 

20 crossed. 

Although cell-cell adhesion is crucial to develop tissues and for maintaining 
discrete compartments within the organism, there are conditions in which a 
controlled regulation of cell adhesion is desirable. Such situation is encountered 
when the barrier formed by the epithelia or endothelia creates difficulties for the 

25 delivery of drugs to specific tissues and tumors within the body. 

The passage of substances through endothelia and epithelia proceeds 
through two parallel routes: a transcellular and a paracellular pathway. In the 
former ions and molecules employ for their transit channels, carriers and pumps 
located in the plasma membrane of epithelia and endothelia. Attempts to facilitate 

30 the passage of drugs to specific tissues within the body have generally relied on 
such specific channels or carriers that in vivo transport molecules. However such 
methods have been largely inefficient due to low endogenous transport rates or to 
their poor functioning with applied drugs. 
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To overcome these impediinents transport through the paracellular pathway 
has been assayed. This route consists of the intercellular space existent between 
adjacent cells and Is regulated by the tight junction (TJ). 

The TJ is a structure that surrounds the cellular borders at the limit between 

s the apical and lateral membrane. It displays two fundamental roles: 1 ) as a gate 
that regulates the passage of ions, water and molecules through the paracellular 
route; and 2) as a fence that blocks the lateral diffusion within the plane of the 
membrane of lipids and proteins. This fence is crucial since it maintains the 
polarized distribution of lipids and proteins between the apical and basolateral 

10 plasma membrane (Cereijido et a!., 1998). 

On ultrathin section electron micrographs, TJ are viewed as a series of 
fusion points "kisses" between the outer leaflets of the membrane of adjacent 
cells. At these kissing points, the intercellular space is completely obliterated. On 
freeze-fracture replica electron micrographs TJ appear at the plasma membrane 

15 as a network of continuous and anastomosing filaments on the protoplasmic face 
(P), with complementary grooves on the exoplasmic face (E) (Gonzalez-Mariscal 
etal., 2001). 

Two models have been proposed to explain the chemical nature of TJ. In 
the protein model, TJ strands are formed by integral membrane proteins that 

20 associate with a partner in the apposing membrane of the adjacent cell. In the lipid 
model instead, TJ filaments are supposed to be formed of inverted cylindrical 
micelles (Kachar et a!., 1982). Although the lipid content of the bilayer appears to 
be important for the formation of TJ, the discovery in recent years of TJ specific 
integral proteins gives strong support to the protein model of TJ. 

2s TJ are constituted by a complex array of cortical and integral proteins. Of 

the former, 16 different molecules have so far been Identified. Some function as 
scaffolds, that link the integral proteins of the TJ to the actin cytoskeleton (ZO-1. 
ZO-2, ZO-3 and cingulin) (Citi et al., 1988; Gonzalez-Mariscal et al., 2000), or as 
crosslinkers of transmembrane junctional proteins (MUPP1, MUPP2 and MUPP3) 

30 (Hamazaki et al., 2002). Others are involved in vesicular trafficking to the TJ 
(Rab13, RabSb) (Zahraoui et al., 1994), in cell signaling through their association 
to kinases (ParS and Par 6) (Izumi et al., 1998) and Ras (e.g. AF6) (Yamamoto et 
al., 1997), and in gene expression by their specific binding to transcription factors 
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(ZO-1 and ZO-2) (Balda et al.. 2000). The role of several other cortical proteins 
found at the TJ still remains unclear [e.g. Jeap (Nishimura et al.. 2002), Pilt 
(Kawabe et a!., 2001), Barmotin (Zhong et a!., 1993) and symplekin (Keon et a!., 
1996)]. 

s At the TJ three integral proteins are found: occludin, claudins and JAM. 

Occludin was the first one identified (Furuse et al., 1993). It is considered a 
component of TJ strands, since immune replica electron microscopy with specific 
antibodies revealed its labeling within the TJ filaments (Saitou et al.. 1997). 
Furthermore, when introduced into L fibroblasts, that lack TJ, structures that 

10 resemble TJ strands were formed. 

Occludin comprises four transmembrane regions, two extracellular loops of 
similar size, and three cytoplasmic domains: one intracellular short turn, a small 
amino terminal domain and a long carboxyl terminal region. 

Several lines of evidence assign occludin an important role at TJ. Thus, the 

15 over*expression of mutant forms of this protein in epithelial cells leads to changes 
in the barrier and fence function of TJ (Balda et al., 1996b; McCarthy et al., 1996) 
(Bamforth et al., 1999) and in the transepithelial migration of neutrophils (Huber et 
al.,.2000). (Lacaz-Vieira et al., 1999). (Medina et al., 2000) (Vietor et al., 
2001) Additionally, a correlation has been observed in several tissues between the 

20 expression of occludin and the degree of sealing of epithelia evaluated by 
transepithelial electrical resistance (TER) and permeability to extracellular tracers. 
Despite this evidence the physiological function of occludin is not completely 
understood. In this regard it should be highlighted that embryonic cells and mice 
carrying a null mutation in the occludin gene are still able to form well developed 

25 TJ (Saitou et al., 1998), although the animals display postnatal growth retardation 
and histological abnormalities in several tissues (Saitou et al., 2000). 

More recently other integral proteins named claudin 1 and claudin 2 were 
identified as TJ constituents. By data base searching and cDNA and genomic 
cloning the claudin family has expanded to 20 members (Tsukita et al., 2001). All 

30 claudins encode 20 to 27 kDa proteins with four transmembrane domains; two 
extracellular loops where the first one is significantly longer than the second one, 
and a short carboxyl intracellular tail. 

When claudins were transfected into fibroblasts, they conferred cell-cell 
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aggregation activity, concentrated at the cells contact points and formed networks 
of filaments that looked like TJ strands. Furthermore, in immunoreplica electron 
microscopy antibodies against different claudins selectively labeled the TJ 
filaments of epithelia. All this evidence has let to consider claudins as the 

s backbone of TJ strands. 

Different claudin species are capable of generating different freeze fracture 
patterns. Thus, claudins 1 or 3 form TJ with continuous smooth fibrils on the 
protoplasmic surface (P face) of the replicas (Furuse et al.. 1999), whereas 
claudins 2 or 5 generate junctions with discontinuous chains of particles 

10 associated to the exoplasmic face (E face)(Morita et al., 1999b). Claudin 11 
instead constitutes parallel TJ strands on the P face that scarcely branch (Morita 
et al., ig99a). 

Heterogeneous claudins can interact within a single TJ strand and their 
particular combination gives rise to different freeze fracture patterns. Thus strands 

15 formed with claudins 1 and 3 are continuous and associated to the P face, while 
strands formed with claudins 1 and 2 or 3 and 2 have evenly scattered particles in 
the E face grooves. At the paracellular space the extracellular loops of different 
species of claudins belonging to neighboring cells can also interact, except in 
some combinations (Furuse et al., 1999). 

20 The expression of different claudins in epithelia and endothelia might give 

rise to the ample variety in permeability and paracellular ionic selectivity displayed 
in distinct tissues. The nephron that displays a wide range of TER along the 
different tubular segments (6 flcm^ in proximal Vs 870-2000 ncm^ in collecting 
duct) expresses almost all claudins, yet each one is restricted to a particular 

25 segment (Enck et al., 2001; Kiuchi-Saishin et al., 2002) (Reyes et al.. 2002): 
claudins 5 and 15 at endothelia, claudins 2, 10 and 11 at the proximal segment, 
claudins 1, 3 and 8 at de distal tubule and claudins 1, 3, 4 and 8 at the collecting 
segment. 

The onset of expression for different claudins is developmental ly regulated. 
30 Thus, claudin 5 is transiently expressed during the development of the retinal 
pigment epithelium (Kojima et al.. 2002), claudin 11 is expressed in Sertoli cells, 
immediately after the peak of expression of the sex determining region in the Y 
gene (Hellani et al., 2000), and claudin 6 is found in embryonic stem cells 
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committed to the epithelial fate(Turksen et al., 2001). 

Claudin 16 is mutated in human patients with hypomagnesemia 
hypercalciuria syndrome (HHS) (Simon et al., 1999). These patients manifest a 
selective defect in paracellular Mg^^ and Ca^^ reabsorption in the thin ascending 

s limb of Henle's, with intact NaCI resorption ability at this site (Blanchard et al., 
2001). Therefore claudin 16 appears to function as a paracellular channel 
selective for Mg^* and Ca^* (Goodenough et al., 1999). Other claudins are also 
proved ionic selective. Thus when claudin 4 is transfected into epithelial cells, the 
paracellular conductance decreases through a selective decrease in Na* 

10 permeability without a significant effect on CI' permeability (Van Itallie et al., 2001 ), 
More than two decades ago Claude observed that the TER increases with 
the number of TJ strands, not in a linear fashion as would be expected from the 
addition of resistors In series, but exponentially (Gonzalez-Mariscal et al.. 2001). 
To explain this relationship a proposal arose suggesting the existence of ion 

15 channels or pores within the TJ strands (Claude1978; Gonzalez-Mariscal et al., 
2001). Now that claudins have begun to be characterized, it appears that the ionic 
selectivity at the TJ could be determined by the specific claudin isoforms that 
constitute the pores or channels of TJ strands. On analyzing the extracellular 
loops of claudins an enormous variability in distribution and number of charged 

20 residues is found. For example the isoelectric points of the first loop range from 
4.17 in claudin 16 to 10.49 in claudin 14, and in the second extracellular loop from 
4.05 in claudins 2, 7. 10 and 14 to 10.5 in claudin 13. Based on the pKIs of the 
extracellular loops sequences, claudin 16 is a cation pore, a proposal that agrees 
with the observed effect of its mutation in human patients, whereas claudins 4, 11 

25 and 17 are anion pores (Mitic et al., 2001). 

Variations in the tightness of the TJ appear to be determined by the 
combination and mixing ratios of different claudin species. Thus when MDCK cells 
expressing claudin 1 and 4 were incubated with a claudin 4 binding peptide 
(Clostridium perfringens enterotoxin, CPE), claudin 4 was selectively removed 

30 from TJ, generating a significant decrease in TER (Sonoda et al., 1999). 
Furthermore, when claudin-2 was introduced into high resistance MDCK cells 
(MDCK I), TJ became leaky and morphologically similar to those found in low 
resistance cells (MDCK II). which normally contain claudin 2 (Furuse et al., 2001). 



wo 03/098991 PCT/ro03/00280 

6 

The role of claudins in carcinogenesis is controversial. Claudin 4 is over- 
expressed in pancreatic cancer and gastrointestinal tumors, and the treatment with 
TGFp or CPE, the enterotoxin that specifically targets claudin 4, leads to a 
significant reduction of tumor growth (MichI et al.. 2001). In contrast, other claudins 

5 remain low or undetectable in a number of tumors and cancer cell lines. For 
example Claudin 1 expression is lost in most human breast cancers without 
presenting alterations in its promoter or coding sequences (Hoevel et al., 2002; 
Kramer et al., 2000), and claudin 7 is downregulated in head and neck squamous 
cell carcinomas (Al Moustafa et al., 2002). 

10 The crucial role of certain claudins in the gate function of epithelia is 

highlighted by the observation that in claudin 1 deficient mice the epidermis looses 
it barrier function, leading to dehydration of the animals, wrinkled skin and death 
within 1 day of birth (Furuse et al., 2002). In these mice occludin was still 
expressed at all layers of the stratified epithelia, and claudin 4 remained 

15 concentrated at the second and third layers of the stratum granulosum. Therefore 
in the epidermis claudin-1 constitutes an indispensable element for the barrier 
function of TJ. 

. The last integral proteins of the TJ are JAM and the three JAM like proteins 
(Palmeri et al, 2000). They belong to the immunoglobulin superfamily, have a 

20 single transmembrane segment and their extracellular portion consists of two 
folded immunoglobulin like domains. JAM appears not to be a constituent of TJ 
strands since its transfection into fibroblasts does not generate the appearance of 
filaments. JAM plays a role in cross-linking occludin and claudins, as well as in the 
transepithelial and transendothelial migration of monocytes (Martin-Padura et al., 

25 1 998). 

Physiological and pathological reoulation of tight iunctions . 

Epithelia and endothelia encounter diverse physiological and pathological 
conditions that provoke changes in the degree of sealing of TJ. These variations in 
30 TJ permeability are regulated by a broad spectrum of factors such as calcium 
(Gonzalez-Mariscal et al., 1990; Martinez-Palomo et al.. 1980), hormones, 
cytokines and growth factors, activation of G proteins and phospholipases, 
generation of cAMP and diacylglicerol (Balda et al.. 1991), and by the 
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phosphorylation of TJ proteins by different kinases (Avila-Flores et al., 2001; Balda 
et ai., 19963; Sakakibara et al., 1997). 

In recent years the action of enteric pathogens (e.g. Escherichia coli. 
Salmonella typhimurium) and bacterial toxins upon TJ has been recognized 

5 (Hecht2002). Thus, treatment with Clostridium perfringens enterotoxin (CPE) 
destroys TJ and TER by specifically removing claudins 3 and 4 from the strands 
(Sonoda et al., 1999). while the hemaglutinin and ZOT toxin of Vibrio cholera 
increase epithelial permeability due to their respective action upon occludin (Wu et 
al., 2000) and PKC (Fasano et al., 1995). From an evolutionary point of view. 

10 bacteria that counted with toxins that mimicked endogenous modulators of TJ 
were in advantage since by traversing epithelial barriers they gained access to 
new environments. This appears to be the case for Vibrio cholera, as an 
endogenous protein that modulates TJ has been recently identified employing 
antibodies generated against ZOT toxin (Fasano1999; Wang et al.. 2000). 

15 

Rotaviruses 

. Rotaviruses are the leading cause of morbidity and mortality caused by 
gastroenteritis in children less than 2 years old. These viruses of the Reoviridae 
20 family have a genome composed of 11 double stranded segments of RNA, 
surrounded by three concentric layers of protein. The outermost layer is smooth 
and formed by a 37 kDa glycoprotein named VP7. From it around 60 spikes 
formed of an 88 kDa protein named VP4, project outwards (Estes1996). 

VP4 is essential for early virus-cell interactions, since it participates in 
25 receptor binding and cell penetration. In fact the infectivity of rotaviruses is 
dependent upon the specific cleavage by trypsin of VP4 into peptides VP5 and 
VPS (Almeida et al., 1978; Espejo et al., 1981). 

In vivo rotavirus infection is restricted to ileum microvellosities (Kapikian et 
al., 1996). In vitro infectiveness is less restrictive as a broad variety of renal and 
30 intestinal epithelial cell lines are susceptible to rotavirus infection (Estes et al., 
1989). 

Some rotaviruses bind to a cell-surface receptor containing sialic acid (SA). 
while others (e.g. human rotavirus) do not require SA for infection (Fukudome et 
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al., 1989). Therefore binding to SA appears not to be an essential step for 
rotavirus infection. Furthermore, association to a secondary SA independent 
receptor can overcome the initial interaction of certain rotavirus with SA. SA 
dependent rhesus rotavirus (RRV) initially bind to the cell through VPS (Fiore et 

5 al., 1991; Isa et al., 1997), while variants of RRV which no longer depend on the 
presence of SA (e.g. nar3), interact with the cell through VPS (Zarate et al.. 
2000b). The comparative characterization of many strains of animal and human 
origin, including RRV, its SA independent variant nar3, and the human rotavirus 
strain Wa, has shown that rotavirus contain integrin ligand sequences (Coulson et 

10 al.. 1997) (Guerrero et al., 2000) and that a2pi integrin is used as a primary cell 
receptor by nar3, and by RRV in a secondary interaction, subsequent to its initial 
contact with the SA containing cell receptor (Zarate et al.. 2000a). Integrin aVPa is 
used by all three rotavirus strains as a co-receptor, subsequent to their initial 
attachment to the cell (Guerrero et al., 2000). Integrins aXP2 and oupi have also 

15 been suggested to participate in rotavirus cell entry (Coulson et al., 1997; Hewish 
et al., 2000). 

Aside of their function as cellular receptors for viruses, integrins constitute a 
family of ap heterodimers that mediate the interaction between the cell and the 
extracellular matrix. This interaction plays a crucial role in the regulation of cell 

20 proliferation, migration and differentiation. In epithelial and endothelial cells 
integrins have a polarized distribution and localize at the basolateral plasma 
membrane. Therefore rotaviruses contained in the lumen of the intestine or at the 
apical surface of confluent epithelial cell lines could only have access to their 
integrin receptors at the basolateral surface if the TJ that seal the paracellular are 

25 opened. 

Since as stated at the beginning of this description, there is a need in the 
art for compounds that modulate junctional tightness and improve drug delivery 
across permeability barriers, we proceeded to explore the capacity of rotavirus 
proteins to modulate TJ sealing. The present invention fulfills this need and 
30 provides other related advantages. Recently, cell transformation has been 
correlated with over expression of certain claudins (MichI et al., 2001). Therefore 
the rotavirus proteins and derived peptides that target junctional proteins could 
also be employed for reducing tumor cell growth. 
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In the present invention we have worked with proteins and peptides 
derived from the VP4 molecule of Rhesus monkey rotavirus (RRV). Rotavirus 
infect a wide variety of vertebrates, such as chickens, horses, pigs, monkeys and 
humans, and several strains of viruses have been isolated from different 
5 individuals of the same specie. However, since the amino acid sequence of VP4 
maintains a high degree of identity among most of the different rotavirus strains, it 
is expected that the different strains independent of their origin will exert a similar 
effect upon TJ. In consequence in the present invention we will further refer to VP4 
and its derived peptides, without placing special emphasis on their origin. 

10 

SUMMARY OF THE INVENTION 

The present invention provides proteins, peptides and methods for modulating 
IS tight junction mediated cell-cell adhesion and the formation of permeability 
barriers. 

One aspect of the present invention is the use of rotavirus protein VP4. its derived 
polypeptide VPS. or peptides derived from them, to induce the opening of tight 
20 Junctions. 

Another aspect of the present invention is the use of rotavirus protein VP4 or its 
derived polypeptide VPS or peptides derived from them to increase the 
paracellular permeability of epithelia and endothelia. 

25 

One crucial aspect of the present invention is the use of the rotavirus protein VP4, 
of the derived polypeptide VPS, or of peptides from them derived to allow and/or to 
enhance the passage of therapeutical agents through the paracellular pathway. 

30 One additional aspect of the present invention is the use of rotavirus protein VP4, 
its derived polypeptide VPS, or peptides derived from them, to modulate and/or 
enhance the passage of therapeutical agents through the intestinal, nasal, ocular, 
vaginal and rectal epithelium. 
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A further objective of the present invention is the use of rotavirus protein VP4, its 
derived polypeptide VPS, or peptides derived from them, to allow and/or to 
enhance the passage of dermatological agents. 

5 

Within another aspect of the present invention, is the use of rotavirus protein VP4, 
its derived polypeptide VPS, or peptides derived from them, to allow and/or to 
enhance the passage of therapeutical agents across the blood-brain barrier. 

10 Within a further aspect of the present invention, is to enhance the delivery of a 
drug to a tumor in a mammal, comprising administering the rotavirus protein VP4, 
its derived polypeptide VPS or peptides derived from them, in combination with a 
drug to a tumor-bearing mammal. 

IS The present invention further provides pharmaceutical compositions comprising 
rotavirus protein VP4, its derived polypeptide VPS or peptides derived from it in 
combination with a pharmaceutically acceptable carrier. Such compositions may 
further comprise a drug. In addition, or alternatively, such compositions may 
comprise one or more of: a) peptides that modulate tight and/or adherens 

20 junctions; and/or b) an antibody or antigen binding fragment that specifically binds 
to TJ proteins. 

Within further aspects, the present invention proposes the use of rotavirus protein 
VP4, its derived polypeptide VPS or peptides derived from it, for treating cancer in 
25 mammals, where epithelial transformation is related to over expression of tight 
junction proteins. 

Within a related aspect of the present invention rotavirus protein VP4, its derived 
polypeptide VPS, or peptides derived from it, might be employed to treat cancer 
30 and/or inhibit metastasis, by disrupting the growth of new capillaries that constitute 
a prerequisite for tumor growth and the emergence of metastases. 

Within another related aspect of the present invention, protein VP4, its derived 
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polypeptide VPS, or peptides derived from them can be used to reduce unwanted 
cellular adhesion that can occur between tumor cells, tumor cells and normal cells 
or between normal cells as a result of surgery, injury, chemotherapy, disease, 
inflammation or other condition jeopardizing cell viability or function. 

5 

One preferent form of the invention consists in the use of protein VP4, with ID 
SEQ.1 

Another preferent form of the invention consists in the use of polypeptide VPS. 
10 with ID SEQ. 2. 

Yet another preferent form of the invention is centered on the use of fragment 141 
to 1S2 of VPS with ID SEQ 3: 

15 i4ilDVVKTTQNGSYSQYGPLQSTPKLYGVMKHNGKIYTYNGETPi82 

Even another preferent form of the invention is the use of one or more of the 
following peptides derived from VP4: 

20 Peptide SEQ. ID 4:i44WKTi47 

Peptide SEQ. ID 5:i5iSYSQYGPLi58 
Peptide SEQ. ID 6:i74lYTYi77 
Peptide SEQ. ID 7:i83NVTTi86 

25 Such peptides can be without limitations either cyclic (include a Cys on each of 
their terminal ends) or linear. 

These and other aspects of the invention will become evident upon reference to 
30 the following detailed description and attached drawings. 

BRIEF DESCRIPTION OF DRAWINGS. 



L 
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Figure 1. Viral protein VPS diminishes the TER of epithelial monolayers 
(MDCK) in a reversible manner. TER was determined in control MDCK 
monolayers (full squares) and in those receiving 4 ng/ml of VPS (empty squares), 
GST-VP8 (full triangles) or His-VP8 (empty triangles). In this and the following 
5 figures the experimental values shown correspond to the media ± standard error. 
The number of independent measurements is indicated at each experimental 
point. 

Figure 2. Monolayers recover their TER when VPS is withdrawn from the 
10 culture media. Monolayers that receive 4 |ig/ml of GST-VP8 display a significant 
decrease in TER (full triangle). However, if the monolayers are washed and 
transferred to media without GST-VPS (arrow) they recover their TER. (Full 
squares = monolayers cultured in media without VPS). 

15 

Figure 3. The effect of VPS upon TER is dose dependent. MDCK monolayers 
incubated with 0.4 (empty circles). 4 (full triangles) or 10 |ag/ml (empty triangles) 
GST-VP8 show a dose-dependent decrease in TER. 

20 Figure 4. VPS modifies the pattern distribution of the TJ proteins ZO-1, 
occludin and claudin-3. Confluent MDCK monolayers were incubated in media 
with 4 jig/ml of VPS. After one hour, the monolayers were fixed and processed for 
immunofluorescence with specific antibodies against ZO-1, occludin, claudin-3. 
Arrowheads indicate the clear distribution of ZO-1 , occludin and claudin-3 at the 

25 cellular boundaries of control monolayers. In GST-VPS treated cells. ZO-1 displays 
a strong immunoreactivity In the cytoplasm (arrow), daudin-3 cell border staining 
becomes barely detectable in large areas of the monolayer (arrow) and occludin 
sharp staining is substituted for a diffuse and wide label at the cellular boundaries 
(arrow). 

30 

Arrowheads indicate the clear distribution of ZO-1 , occludin and claudin-3 at the 
cellular boundaries of control monolayers. Arrowheads point to the diffuse staining 
of ZO-1, occludin and claudin-3 that appears near the cellular borders of VPS 
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treated monolayers. 

Figure 5. Freeze-fracture analysis of the TJ present in MDCK monolayers 
treated with VPS. Confluent l\4DCK monolayers incubated or not with 4 ^g/ml 

s VPS were fixed and processed for freeze-fracture, according to standard 
procedures, (a) shows representative images of control (A) and VPS treated 
monolayers (B). In the latter several loose ends (arrowheads) are found between 
regions where the network is profound and complex (asterisks). P = protoplasmic 
face; E = exoplasmic face; bar = 200 nm. (b) shows the morphometric analysis of 

10 TJ. 1,239 and 1,124 TJ sites were analyzed for the control (lighter bars) and VPS 
treated monolayers (darker bars) respectively. 

Figure 6. VPS Inhibits the development of TER in epithelial monolayers. 

Confluent MDCK monolayers cultured in low calcium media (1-5 nM Ca^*) develop 
15 their TER upon transfer to normal calcium media (1.8 mM Ca^*) (full squares). If 
the monolayers are transferred to normal calcium media containing 4 ng/ml of VPS 
(empty squares) the resistance develops as in the control condition. If instead the 
monolayers are cultured in normal calcium media containing 4 ng/ml of VPS (full 
triangle) a clear inhibition in the development of TER is detected. 

20 

Figure 7. The sequence of VPS contains several regions highly similar to 
occludin and claudins segments present in their external loops. (A) The 

shadowed segments of VPS sequence have a > 50% identity to regions of the 
extracellular loops of occludin or claudin. Next to the brackets the name of the 

25 similar protein is indicated (e.g. cl 2, ocd etc.). The sequence of peptide VPS141-182 
is indicated within a frame. (B) Sequence comparison of VPS150-159 and VPS174-177 
with occludin external loops. (C) Sequence comparison between diverse VPS 
segments and claudins. The shadowed letters correspond to amino acids in VPS 
that are identical to those present in claudins. The sequence access number for 

30 the different claudins employed are: claudin 1. rat, NP1138S7; claudin 2, dog, 
AAK57433; claudin 3, rat, NP1 13888; claudin 4, mouse, NP034033; claudin 5, rat, 
AAF73425; claudin 6, mouse, Q9Z262; claudin 7, rat, CAA09790; claudin 8, 
mouse, Q9Z260; claudin 9, mouse, NP064689; claudin 10, mouse, Q9Z056; 
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claudin 11. rat, NP445909; claudin 12. human, XP004591; claudin 13. mouse. 
Q9Z054; claudin 14. mouse, NP062373; claudin 15, mouse. NP68365; claudin 16, 
rat. NP571980; claudin 17, human. P56750; claudin 18. mouse, P56857: claudin 
19. mouse, AAF98323; daudin 20. human P56880. 

5 

Figure 8. Addition of peptide His-VP8i4i.i82 reduces the TER of epithelial 
monolayers. Confluent MDCK monolayers treated with 4 ^g/ml of peptide His- 
VP8i4i.i82 (full triangles) show a significant reduction in TER compared to 
10 monolayers treated with His elution buffer only (full squares). 

Figure 9. Addition of peptide VPBmi.isz (SEQ. ID. No. 3) inhibits the 
development of TER in epithelial monolayers. Confluent MDCK monolayers 
cultured in low calcium media (1-5 Ca^*) develop their TER upon transfer to 
15 normal calcium media (1.8 mM Ca^*) (full squares). If instead the monolayers are 
transferred to normal calcium media containing 4 ^g/ml of peptide VP8141.182 (full 
triangles) a clear inhibition in the development of TER is detected. 

Figure 10. The addition of peptides SEQ. ID. No 7 reduces the TER of 
20 epithelial monolayers. Confluent MDCK monolayers were treated with peptides 
SEQ. ID. No. 4, 5. 6 or 7 at a concentration of 100 or 500 uglml While the 
monolayers incubated in the presence of peptides SEQ. ID. No 4. 5 or 6 display a 
TER similar to that of control cultures (dashed line), those treated with peptide No 
7 show a significantly lower TER (P<0.05 In a Student-t test). 

25 

Figure 11. Streptozotocin significantly increases the concentration of blood 
glucose In rats. Glucose concentration was determined firom a blood sample 
obtained from the eye orbital sinus of male Wistar rats. The experiment was 
performed three days after the rats received an intraperitoneal injection of 
30 streptozotocin (75 mg/l<g of body weight) (dashed lines) or a mock injection 
(continuous lines). In this and the following figures, blood samples were taken 
after overnight fasting (time - 0) or at different times after the animals received 
their diet. Each line corresponds to the results obtained with one animal. 
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Figure 12. Insulin administered orally does not diminish the blood glucose 
concentration of diabetic rats. In rats with stretopzotocin induced diabetes, 
parenterally administered insulin (Humulin, intermediate action, 6 lU) decreases 
5 the blood glucose concentration (continuous lines). Instead, when insulin (30 lU) is 
administered orally the concentration of glucose remains high (dashed lines). 

Figure 13. When insulin is administered orally together with VPS, the blood 
glucose concentration diminishes. Rats with streptozotocin Induced diabetes 
10 received orally VPS (100 ng) (dashed lines) or VPS (100 ^g) and insulin (30 lU) 
(continuous lines). Only with the latter treatment the blood glucose concentration 
diminished. 



15 DETAILED DESCRIPTION OF THE INVENTION 



As noted above, the present invention deals with the use of rotavirus protein VP4 
(SEQ.ID No. 1) and its functional variants, as well as the derived proteins VPS 
20 (SEQ: ID. No. 2) and VPS141-182 (SEQ. ID. No. 3) and peptides derived from them 
(SEQ.ID. No. 4. 5, 6 and 7). to facilitate and/or enhance passage of 
pharmaceutical agents through epithelia and endothelia. 

VP4 is a rotavinjs protein. The particular strain of rotavirus from which VP4 is 
25 derived is not critical to the present invention. 

The present invention considers any \/P4 strain, independent of its origin, either 
natural or as a result of genetic manipulation, a functional variant of VP4, as long 
as it maintains the capacity to modulate the sealing of tight junctions. 

30 

Proteins VP4, VPS or their derived fragments can be obtained and purified, e.g., 
by genetically engineered E. coli strains overexpressing their cDNA alone or fused 
to other genes, such as histidine or glutathione-s-transferase). 
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Proteins VP4, VPS. and \/P8i4i.i82can be employed to generate antibodies, either 
monoclonals or polyclonals, that can be used to generate the same effect on tight 
junctions as proteins VP4, VPS or their derived fragments and peptides, by 
5 employing methods well known in the art (Abrams et al., 1986). 



Alternatively, proteins VP4 and VPS can be employed either in their full length, in 
shorter versions, as fusion proteins or as derived synthetic functional peptides. 



10 In yet another aspect of the invention, methods are proposed to determine the 
regions of protein VP4 that facilitate or enhance the opening of TJ. Such methods 
employ the following procedures: 

A) Extraction and/or culture of an epithelia or endothelia. 

B) Determination of the transepithelial electrical resistance of such 
15 epithelia/endothelia. 

C) Determine if after the addition of peptides, fragments or fusion proteins 
derived from rotavirus protein VP4 to epithelia/endothelia, the 
transepithelial electrical resistance decreases. 

D) Optionally, molecules or drugs that are incapable of traversing the 
20 paracellular pathway (e.g. mannitol, dextran) when TJ are closed, can be 

employed to determine if paracellular leakage is induced by peptides, 
fragments or fusion proteins derived from rotavirus protein VP4. 



As employed in the present invention, a "decrease in transepithelial electrical 
25 resistance'' means a decrease in the resistance offered by the TJ to the passage 
of ions and molecules through the paracellular pathway. 

The assay to determine the biological activity of proteins VP4, VPS or their 
derived fragments and peptides, is not critical to the present invention. For 
30 example, the assay may involve (1) assaying for a decrease of tissue resistance of 
ileum mounted in Ussing chambers (Fasano et ai., 1991) (2) assaying for a 
decrease of tissue resistance of epithelia cell line monolayers in Ussing chambers 
as described in Example 1 below; or (3) assaying for intestinal or nasal 
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enhancement of absorption of a therapeutic agent, as described in U.S. Pat. No. 
5,827,534 and U.S. Pat. No. 5,665,389. 

Within another aspect of the invention, proteins VP4, VP8 or their derived 
5 fragments and peptides, could be employed for treating cancers, such as 
pancreatic cancer, where epithelial transformation is related to over expression of 
tight junction proteins (e.g. claudin-4) (Mich! et a!., 2001). 

Furthermore, proteins VP4, VPS or their derived fragments and peptides, could be 
10 employed to treat cancer and/or inhibit metastasis, by disrupting the TJ of new 
capillaries, whose formation constitute a prerequisite for tumor growth and the 
emergence of metastases. 

Within another related aspect protein VP4, its derived polypeptide VPS, or 
15 peptides derived from them can be used to reduce unwanted cellular adhesion 
that can occur between normal cells as a result of surgery, injury, chemotherapy, 
disease, inflammation or other condition jeopardizing cell viability or function. 

Proteins VP4 and VPS can be obtained and purified by methods known to the art, 
20 for example by the methods referred to in example 1 . 

As employed in the present invention "functional peptide" or "functional protein" 
refers to any polypeptide derived from VP4 that is capable of decreasing the 
transepithelial electrical resistance and/or is able to modulate the structure of TJ, 
25 and/or the appearance of its molecular components. 

In another aspect of the invention pharmaceutical compositions are described for 
the delivery of a therapeutic compound, where such compositions comprise: 
A) a therapeutic agent, and 
30 B) An enhancing effective amount of proteins VP4, VPS or their derived 
fragments and peptides. 

The pharmaceutical composition is preferably an oral dosage composition for 
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intestinal delivery, a nasal dosage composition for nasal delivery or intravenous 
dosage composition for delivery of a therapeutic agent through the blood-brain 
barrier. 



10 



The oral dosage composition for intestinal delivery comprises: 

C) a therapeutic agent, and 

D) An enhancing effective amount of proteins VP4, VPS or their derived 
fragments and peptides, that allows the absorption of the therapeutic agent 
through the intestinal epithelium. 

Oral dosage compositions for ileum delivery are well known in the art. Such oral 
dosage compositions can be in the form of solutions, tablets or capsules. 



In the context of the present invention, oral dosage compositions include liquid 
IS compositions that contain aqueous agents. In such compositions it is 
recommended that the composition be prepared just before its administration, in 
order to minimise potential problems with the stability of the proteins and 
polypeptides of this invention. 



20 The nasal dosage composition for nasal delivery of a therapeutic agent comprises: 

A) a therapeutic agent; and 

B) a nasal absorption enhancing effective amount of VP4, VPS or their derived 
fragments and peptides. 



25 Nasal dosage compositions for nasal delivery are well known in the art. Such 
nasal dosage compositions generally comprise water-soluble polymers that have 
been used extensively to prepare pharmaceutical dosage forms. The particular 
water-soluble polymer employed is not critical to the present invention, and can be 
selected from any of the well-known water-soluble polymers employed for nasal 

30 dosage forms. 



The intravenous dosage composition for delivery of a therapeutic agent through 
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the blood-brain barrier comprises: 

(A) a therapeutic agent; and 

5 (B) a blood-brain barrier absorption enhancing effective amount of VP4, VPS or 
their derived fragments and peptides. 

Intravenous dosage compositions for delivery to the brain are well known in the 
art. Such intravenous dosage compositions generally comprise a physiological 
10 diluent, e.g., distilled water, or 0.9% (w/v) NaCI. 

A "nasal" delivery composition differs from an "intestinal" delivery composition in 
that the latter must have gastroresistent properties in order to prevent the acidic 
degradation of the active agents (e.g. VP4, VPS or their derived fragments and 

15 peptides and the therapeutic agent) in the stomach, whereas the former generally 
comprises water-soluble polymers in order to reduce the mucociliary clearance, 
and to achieve a reproducible bioavailability of the nasally administered agents. An 
"intravenous" delivery composition differs from both the "nasal" and "intestinal" 
delivery compositions in that there is no need for gastroresistance or water-soluble 

20 polymers in the "intravenous" delivery composition. 

The mode of administration is not critical to the present invention. Although, it is 
preferable that the mode of administration is orally, for the intestinal delivery 
composition; Intranasally, for the nasal delivery composition; and intravenously for 
25 delivery through the blood-brain barrier. 

The particular therapeutic agent employed is not critical to the present invention, 
and can be, e.g., any drug compound, biologically active peptide, vaccine, or any 
other moiety otherwise not absorbed through the transcellular pathway, regardless 
30 of size or charge. 



Examples of drug compounds, which can be employed in the present invention, 
include drugs that act on the cardiovascular system, drugs that act on the central 
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nervous system, antineoplastic drngs and antibiotics. 

Examples of drugs that act on the cardiovascular system, which can be employed 
in the present invention, include lidocaine, adenosine, dobutamine, dopamine. 
5 epinephrine, norepinephrine and phentolamine. 

Examples of drugs that act on the central nervous system, which can be employed 
in the present invention, include doxapram, alfentanil, dezocin. nalbuphine, 
buprenorphine, naloxone, ketorolac, midazolam, propofol, metacurine. mivacurium 
10 and succinylcholine. 

Examples of antineoplastic drugs that can be employed in the present include 
cytarabine, mitomycin, doxorubicin, vincristine and vinblastine. 

15 Examples of antibiotics that can be employed in the present include methicillin, 
mezlocillin, piperacillin, cetoxitin, cefonicid, cefmetazole and aztreonam. 

Examples of biologically active peptides that can be employed in the present 
invention include hormones, lymphokines, globulins, and albumins. 

20 

Examples of hormones which can be employed in the present invention include 
testosterone, nandrolene, menotropins. progesterone, insulin and urofolltropin. 

Examples of lymphokines that can be employed in the present invention include 
25 interferon-alpha. interferon-beta. interferon-gamma, interleukin-1, interleukin-2, 
interleukin-4 and interleukin-8. 

Examples of globulins that can be employed in the present invention include 
alpha-globulins, beta-globulins and gamma.-globulins (immunoglobulin). 

30 

Examples of immunoglobulins which can be employed in the present invention 
include polyvalent IgG or specific IgG. IgA and IgM. e.g., anti-tetanus antibodies. 
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An example of albumin that can be employed in the present invention is human 
serum albumin and ovalbumin. 

Examples of vaccines that can be employed in the present invention include 
5 peptide antigens and attenuated micro-organisms and viruses. 

Examples of peptide antigens which can be employed in the present invention 
include the B subunit of the heat-labile enterotoxin of enterotoxigenic E. coli, the B 
subunit of cholera toxin, capsular antigens of enteric pathogens, fimbriae or pili of 
10 enteric pathogens, HIV surface antigens, dust allergens and acari allergens. 

Examples of attenuated micro-organisms and viruses that can be employed in the 
present invention include those of enterotoxigenic Escherichia coli, 
enteropathogenic Escherichia coli. Vibrio cholerae, Shigella flexneri, Salmonella 
15 typhi, and Helicobacter pylori. 

When the therapeutic agent is insulin, the pharmaceutical composition of the 
present invention is useful for the treatment of diabetes. 

20 The amount of therapeutic agent employed is not critical to the present invention 
and will vary depending upon the particular agent selected, the disease or 
condition being treated, as well as the age, weight and sex of the subject being 
treated. 

25 The amount of VP4, VPS or their derived fragments and peptides employed is also 
not critical to the present invention and will vary depending upon the age, weight 
and sex of the subject being treated. 

30 The ratio of therapeutic agent to of VP4, VPS or their derived fragments and 
peptides employed is not critical to the present invention and will vary depending 
upon the amount of therapeutic agent to be delivered within the selected period of 
time. 
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The following examples are offered by way of Illustration and not by way of 
limitation. 

5 

EXAMPLE 1 

Effect of rotavirus protein VPS on the degree of sealing of epithelial monolayers. 

10 This example illustrates an assay for evaluating the effect of rotavirus proteins on 
transepithelial electrical resistance. 

A) VPS cloning 

The RRV VPS fragment (VP4 gene nucleotides 1 to 750) was cloned in pGEX- 
15 4T-1 (Pharmacia) and in pET-6HIS plasmids as previously described (Dowling et 
al.. 2000; isaetal., 1997). 

B) VPS cloning 

The RRV VPS fragment (VP4 gene nucleotides 749 to 2347) was cloned In 
20 pGEX-4T-2 (Pharmacia) as previously described (Zarate et al., 2000b). 

C) Expression, purification, and administration of fusion proteins 

Expression and purification of fusion proteins was performed following previously 
25 described standard procedures (Frangioni et al., 1993). For their experimental use, 
fusion proteins VPS and VPS were dissolved in fresh Dulbecco's minimal essential 
medium (DMEM) and sterilized by passage through a 0.22 ^m filtration unit. 

D) Cell culture 

30 MDCK cells were cultured as previously described (Gonzalez-Mariscal et al., 
1990) and used for experiments between passages 70-90. 
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E) Transepithelial electrical resistance measurements 

The degree of sealing of tight junctions was evaluated by measuring the 
transepithelial electrical resistance (TER) across the monolayer. Standard 
procedures were followed (Gonzalez-Mariscal et al., 1990). Briefly, monolayers 

5 grown over Millipore filters were mounted between two Lucite chambers with an 
exposed area of 0.23 cm2. Current was delivered via Ag-AgCI electrodes placed 
at 2.0 cm form the monolayer; the voltage deflection elicited was measured with a 
second set of electrodes placed at 1 .0 mm from the membrane. The contribution if 
the filter and the bathing solution was subtracted, and all values reported 

10 correspond exclusively to the monolayer. Each disk was used for a single 
determination. 

Fig. 1 shows how the addition of 4 |ig/ml of VP8-GST or VPS-His, but not of 4 
ng/ml of VP5-GST significantly reduces the TER of epithelial monolayers after 30 
15 min. of treatment. Observe how the effect of VPS upon the electrical resistance of 
the monolayer becomes reversible with time. To further illustrate the latter point we 
developed another assay in which GST-VP8 was withdrawn from the culture 
media. In Fig 2 observe how in these monolayers the TER of the monolayers is 
restored. 

20 

Fig.3 shows how the effect of VPS upon TER is dose dependent. 
EXAMPLE 2 

25 

VPS modifies the cell border distribution of TJ proteins. 

This example illustrated an epithelial cell assay for evaluating the effect of VPS on 
the distribution of TJ proteins. 

30 

A) Immunolocalization of TJ proteins. 

MDCK cells were cultured in glass coverslips. Confluent cultures were exposed to 
4|ig/ml of GST-VPS for 1 hr. The cells were then fixed for 30 min with 2% p- 
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formaldehyde in PBS. pH 7.4. and permeabillzed for 3 min with 0.2% PBS-TX. 
Cells were washed five times with PBS and then blocked for 30 minutes with 1 % 
BSA Ig free (Research Organics 1331 -a). The monolayers were incubated 
overnight at 4°C with rabbit polyclonal antibodies against ZO-1 (Zymed 61-7300. 

5 dilution 1:100). Claudin 3 (Zymed 34-1700, dilution 3 jigr/ml) or occludin (Zymed 
71-1500, dilution 1:100 in 1% Ig-free BSA). After being washed five times with 
PBS, the coverslips were incubated for one hour at room temperature with a 
secondary antibody (FITC-conjugated goat anti-rabbit, catalogue no. 65-6111, 
diluted 1:100, Zymed). The monolayers were washed five times in PBS before 

10 being mounted with the antlfade reagent Vectashield (Vector Laboratories Inc.). 
The fluorescence of the monolayers was examined using a confocal microscope 
(MRC-600. Bio-Rad) with a Krypton-argon laser. 

Fig 4. shows conspicuous sharp ring like structures of ZO-1 . claudin-3 and 
15 occludin on the lateral membranes between neighbouring cells in control 
monolayers (arrowheads), in the control condition claudin-3 also gives a diffuse 
staining in the cytoplasm. In GST-VP8 treated monolayers, ZO-1 displays strong 
immuno reactivity in the cytoplasm (arrow). The honeycomb-like organization of 
claudin-3 is now altered by the appearance of large areas almost devoid of lateral 
20 staining (arrow) and occludin labeled monolayers show a broad and diffuse stain 
at the cell periphery (an-ow). These results confirm that VPS has altered the 
distribution of these TJ components. 

25 

EXAMPLE 3 

Effect of VPS on the freeze fracture appearance of TJ. 
30 This example illustrates how the pattern of TJ filaments is modified by VPS. 
A)Freeze fracture analysis of TJ. 

Confluent monolayers of MDCK cells were incubated for 1 hour with 4 ng/ml of 
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Freeze-fracture replicas were obtained from monolayers fixed with 2.5% 
glutaraldehyde for 30 minutes, and gradually infiltrated with glycerol up to a 20% 
concentration, in which they were left for 1 hour. The monolayers were then 

5 detached from the substrate and frozen in liquid nitrogen. Freeze fracture was 
carried out at -120°C. and 2x10"® mm Hg using a Balzers apparatus (BAF400T). 
After evaporation of platinum and carbon, the organic material was digested for 1 
hour in chromic mixture. Replicas were extensively washed in distilled water and 
mounted in Formvar coated grids. The observations were done in an electron 

10 microscope JEOL 200EX. 

To assess modifications in the pattern of TJ strands, we counted the number of 
strands intercepting lines drawn perpendicular to the main axis of the junction, 
every 48 nm. as well as the distance between the upper and lowermost strand. 59 
and 54 jim of TJ networks were analysed respectively for control and VPS treated 

15 monolayers. 

As has been previously reported (Gonzalez-Mariscal et al., 1985) the amount of 
junction is defined by the following function: 

X 

20 Amount of TJ = I 
n=1 

Where n, is the number of strands in a segment of TJ, and % is the percentage in 
which that number of strands is present in the sample. 

25 

Total junctional width is defined as: 



X 



Total junctional width 
n^1 



= Zn/%/ 



30 



Where n/ is the distance between the upper and lowermost filament in TJ 
segment, and %, is the percentage in which that width is present in the sample. 
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Fig.SA shows a typical TJ freeze fracture pattern of MDCK cells. TJ are 
distinguished as a network of interconnecting fibrils in the P face of the plasma 
5 membrane complementary to grooves on the E face. Treatment with VPS induces 
the appearance of loose ends oriented perpendicular to the network of TJ fibrils. 
The arrangement of the main TJ axis is also simpler, as filaments have lost their 
interconnected appearance. The image in Fig. 5B exemplifies the TJ pattem 
observed in VPS treated monolayers. 

10 

The morphometric analysis present in the lower panel of Fig. 5, shows no change 
in the distribution of the number of TJ strands nor in the total amount of junction 
between control and VPS treated monolayers. However, on analyzing the 
junctional width, it is clear that very profound junctions (950 to 1800 nm) appear in 
15 VPS treated monolayers. This change is due to the frequent appearance in VPS 
treated monolayers of loose ends that run perpendicular to the main junctional axis 
(Number of loose ends/linear amount of junction in ^lm = 0.32 in VPS treated 
monolayers Vs = 0.17 in control monolayers). This change in the TJ pattem of VPS 
treated cells, can explain the diminished TER observed in these monolayers. 

20 

EXAMPLE 4 

Effect of VPS on TJ assembly. 

25 

This example illustrates an epithelial assay for evaluating the effect of VPS on the 
formation of TJ. 

A) Calcium-switch assay for evaluating TJ assembly. 
30 The ability of VPS to inhibit the development of TJ was assessed utilizing the Ca^* 
switch assay (Gonzalez-Mariscal et al.. 1990). Cells were plated at confluency on 
Millipore filters and incubated for 1 hour in DMEM (normal calcium media, NC; 1.S 
mM Ca^*). Then, the resulting monolayers were washed three times with PBS 
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without Ca^* and transferred to minimal essential medium without Ca^* (low 
calcium media. LC; 1-5 |iM Ca^*). Twenty hours later experimental monolayers 
were transferred to LC media containing 4 |iig/ml of GST-VP8 or of GST-VP5 
dissolved in LC media, while control monolayers were again incubated in LC 
5 media. After 30 minutes, the experimental monolayers were transferred to NC 
media containing 4 |ig/ml of GST-VP8 or of GST-VP5. Control monolayers 
received instead NC media. The TER was measured at different time points after 
the monolayers were transferred to NC media. 

10 Fig. 6 shows how the addition of 4 jig/ml of GST-VP8 but not of GST-VP5 delays 
the development of the epithelial paracellular barrier in the calcium-switch assay. 

EXAMPLE 5 

15 Proteins and peptides derived from VPS modulate tissue permeability. 

This example illustrates a method for selecting domains of VPS that can enhance 
or modulate the opening of TJ. 

20 A) Identification of domains present in VPS that resemble the extracellular 
loops of the TJ proteins occludin and claudins. We compared the amino 
acid sequence of rotavirus protein VPS with that of the external loops of 
occludin and claudins 1 to 20. We observed that a ^ 50% similarity is 
present in several segments. We illustrate this observation in the shadowed 

25 sequences present in Fig. 7A. Then we show how these sequences of VPS 

are conserved in the extracellular loops of occludin derived from different 
species (Fig. 7B). and among different claudins (Fig 7C). 

B) Generation of His fusion protein VP8141-1B2 from a VPS region containing 
30 several domains similar to the extracellular loops of claudins and occludin. 

The VPS region that comprises amino acids 141-182 (SEQ. ID. No. 3) was 
selected since it contains several domains similar to regions present in 
occludin and claudin. A histidine fusion protein was constructed employing 
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the pET-6HIS piasmid, and expression and purification was done following 
standard procedures (Dowling et al., 2000). 

C) Synthesis of some of the peptides present in VP8 that bear a s 50% 
5 similarity to the extracellular loops of claudins and occludin. The peptides 

with SEQ. ID. No. 4: 144WKTT148 SEQ. ID. No. 6: isiSYSQYGPLiss. SEQ. 
ID. No. 6: 174IYTY177. and SEQ. ID. No. 7. leaNVTTiee were synthesized by 
the American Peptide Company, Inc. with a purity superior to 80% in their 
cyclic form by the addition of a cysteine residue on the amino and carboxyl 
10 terminal ends of each peptide. 

D) TER assay for evaluating the effect of fusion protein VP8141-182 on tissue 
permeability. The detennination of the TER across an epithelial monolayer 
was done as described in Example 1 . 

15 

Fig. 8 shows how the addition of 4 ng/ml of VP8i4i.i82(SEQ. ID. No. 3) significantly 
reduces the TER of MDCK monolayers. 

Fig. 9 demonstrates how the addition of 4 ng/ml of VP8141-182 (SEQ. ID. No. 3) 
20 inhibits the development of the epithelial paracellular barrier in a caldum-switch 
assay. 

Fig. 10 illustrates how the addition of the peptide with SEQ. ID. No. 7: laaNVTTiee 
significantly reduces the TER of MDCK monolayers. In contrast, the administration 
25 of peptides with SEQ. ID. No. 4: i44WKri47; 5: 151SYSQYGPL158 and 6: 174IYTY177 
exert no effect on the monolayer electrical resistance. 

EXAMPLE 6 

30 

Effect of VP8 on the oral administering of insulin to diabetic rats. 

This Example illustrates an assay for evaluating the effect of VP8 on orally 
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administered insulin. 

A) Generation of diabetic rats. 

Male Wistar rats (230-250 gr.) were maintained on PicoLab® Rodent Diet 20, 
5 Sterilized by irradiation and water ad libitum, in the animal house (temperature 
22 to 24°C, 50 to 55% humidity). Care and handling of the animals were in 
accordance to international recommended procedures. 

Diabetes mellitus type I was induced with one intraperitoneal shot of 
streptozotocin (75 mg/Kg weight; Sigma. Cat. No. S0130), diluted in citrate 
10 buffer 0.1 M (Sigma, Cat. No. S4641) pH 4.5. Streptozotocin solution was 
prepared immediately before use and protected from light exposure. 

B) Determination of glucose concentration in blood. 

Using heparinized capillary tubing (Chase Scientific Glass Inc. Cat. No. 2501 ) a 
IS drop of blood was taken from the eye orbital sinus of the rats. Blood glucose 
concentration was determined using reactive strips (One Touch, LIFESCAN, 
Johnson & Johnson) and a commercial glucometer (One Touch Basic Plus, 
LIFESCAN, Johnson & Johnson). Glucose concentration was determined in 
healthy animals and in those that had received the streptozotocin 
20 intraperitoneal shot at least three days before being tested. 

Fig. 1 1 illustrates how the streptozotocin treatment significantly increased the level 
of glucose in the blood of the treated animals. 

25 C) Administration of insulin to diabetic rats. 

In order to study the changes in glucose concentration generated by the 
administration of insulin, the first blood sample was taken from diabetic animals 
that had fasted overnight. Immediately after, the animals received their food 
(Lab Diet 5053), and 30 minutes later they were treated according to the 

30 following protocols: 1) Human insulin of intemnediate action (3-6 lU/rat; 
Humulin® N, HI-310, Lilly) was parenterally administered. 2) Human insulin of 
intermediate action (15-30 lU/rat; Humulin® N, HI-310, Lilly) was given orally 
through an esophagic rat cannula (Fine Science Tools; Cat. No. 18061-75), in 
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a solution of 400 ^1 of NaHC03(1.5 g/100 ml, pH 8.3-8.4), to neutralize gastric 
acidity. 3) Employing an esophagic rat cannula, 100 ng of GST-VP8 and 
human insulin of intermediate action (15-30 lU/rat; Humulin® N, HI-310, Lilly) 
were administered orally in a solution of 400 ix\ NaHCOa (1.5 g/100 ml. pH 8.3- 
5 8.4). 4) 100 ng of GST-VP8 were administered orally through an esophagic rat 
cannula. The level of blood glucose was determined at different times after the 
start of each of the above described procedures. 

Fig. 12 illustrates how insulin administered orally does not diminish the blood 
10 glucose concentration of diabetic rats, in contrast to insulin administered 
parenterally. 

Fig 13 shows how if insulin is administered orally together with VP8, the blood 
glucose concentration of diabetic rats diminishes significantly. 

15 
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